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Context: The number of pediatric anterior cruciate ligament
reconstructions (ACLRs) occurring yearly increased almost 6-
fold from 2004-2014. We find it interesting that limited recent
data exist on rates of ACL injury and reconstruction in children
and adolescents, especially in the context of COVID-19.

Objective: Given the effect of the COVID-19 pandemic on
youth sports seasons and the postponement of many elective
surgeries, we sought to examine the changes in rates of ACLR
during this period.

Design: Retrospective cohort study.

Setting: This study used the Pediatric Health Information
System (PHIS) database to identify eligible patients at PHIS-
participating hospitals nationwide from January 2016-June
2021, with March 1, 2020, considered the start of the COVID-
19 pandemic.

Patients or Other Participants: Using Current Procedural
Terminology codes, patients 18 years old and younger who
underwent ACLR surgery were identified.

Main Outcome Measure(s): Patient demographics and
overall rates of surgery prepandemic and intrapandemic were

compared. Data were analyzed using bivariate, mixed-model,
and time series analyses.

Results: A total of 24 843 ACLRs were identified during this
time period. In total, 1853 fewer surgeries than expected were
performed after March 2020 given prepandemic trends. Intra-
pandemic demographics revealed an increase in the proportion
of patients who identified as White and with private insurance
and a decrease in the proportion who identified as Black and
with public insurance. Also, the proportion of ACLRs by region
shifted, with more surgeries performed in the Midwest and fewer
in the Northeast. In the model adjusted for hospital-level
variability, only race and insurance status remained significant.

Conclusions: Based on prepandemic trends, fewer pa-
tients than projected underwent ACLR once the pandemic
began, likely due to a combination of decreased rates of injury
and delayed surgery.

Key Words: anterior cruciate ligament injury, pandemic
effects, pediatric sports medicine

Key Points

 Pediatric patients undergoing anterior cruciate ligament reconstructions increased from 2016—2020.
» Fewer than expected reconstructions were performed during the COVID-19 pandemic, with a shift in the patient

demographics.

nterior cruciate ligament (ACL) ruptures are
A relatively common athletic injuries among pediat-

ric and adolescent patients. Previous researchers'
have suggested that rates of ACL reconstruction (ACLR)
are increasing among this population. The number of
pediatric and adolescent ACLRs increased almost 6-fold
from 2004-2014.! This increase occurred across sex and
age groups and was more rapid than the overall increase of
orthopaedic surgeries in this population.’

Since the onset of the pandemic in March 2020, the
number of sports injuries has decreased significantly.>"
The proportion of injuries attributed to sports fell during
COVID-19, largely due to modified or canceled sport
seasons.® Regarding ACL injuries specifically, a Google
Trends analysis showed that from March 2020—May 2020,
the terms ACL reconstruction, ACL repair, and anterior
cruciate ligament reconstruction were searched less often
than before the start of the pandemic, demonstrating

changing interest in this surgery among the general
population.”

Aside from its effect on athletic injuries, COVID-19 also
resulted in postponed or canceled elective surgeries in
many locations.®” This may have presented problems for
patients who experienced an ACL rupture but were unable
to undergo surgery in a timely fashion. Whereas surgery
should be delayed until the effusion reduces and range of
motion of the knee returns, delaying ACLR further is
associated with a higher rate of chondral injuries and
increased severity of these lesions.!%!!

Given the aforementioned changes brought about by
COVID-19, we suspected that the rates of ACLR have
decreased substantially since the pandemic began in the
United States, around March 2020, with a rise in incidence
when many athletes returned to play. To date, no formal
studies have examined how ACLR rates in the pediatric and
adolescent patient population have been affected by the
COVID-19 pandemic. In this study, we aimed to answer the
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following questions: (1) What was the general trend of
ACLR among pediatric patients in the United States from
January 2016—June 2021? (2) How did the COVID-19
pandemic affect this trend? (3) What demographic
differences were observed between the patient population
undergoing ACLR before and during the COVID-19
pandemic?

METHODS
Data Source

Data for this study were obtained from the Pediatric
Health Information System (PHIS), an administrative
database that contains inpatient, emergency department,
ambulatory surgery, and observation encounter-level data
from more than 50 not-for-profit tertiary care pediatric
hospitals in the United States. These hospitals are affiliated
with the Children’s Hospital Association (Lenexa, Kansas).
Data quality and reliability were ensured through a joint
effort between the Children’s Hospital Association and
participating hospitals. For the purposes of external
benchmarking, participating hospitals provided discharge
and encounter data, including demographics, diagnoses,
and procedures. Nearly all of these hospitals also submitted
resource utilization data (eg, pharmaceuticals, imaging, and
laboratory) to PHIS. Data were deidentified at the time of
submission and subjected to a number of reliability and
validity checks before being included in the database. For
this study, data from 48 hospitals were included.

Population and Selection Criteria

This retrospective cohort study used data from the PHIS
database from January 1, 2016—June 30, 2021, to identify
patients aged 18 years old or younger who had undergone
ACLR at PHIS-participating hospitals. Patients were
identified using Current Procedural Terminology (CPT)
codes (https://www.cms.gov/Medicare/Fraud-and-Abuse/
PhysicianSelfReferral). Isolated ACLR was captured by
CPT 29888 (arthroscopically aided anterior cruciate
ligament repair/augmentation or reconstruction) and CPT
27407 (repair, revision, and/or reconstruction procedures on
the femur [thigh region] and knee joint). Combined ACL
and collateral ligament reconstruction codes were included
using CPT 27409, 27427, 27428, and 27429. Combined
ACLR and tibial spine fracture codes were included using
CPT 29850 and 29851. The search methods were based on
those of Tepolt et al.' We imposed no further exclusion
criteria for this study, and no patients were excluded from
the identified cohort.

Variables

Patients were classified as having their surgeries
prepandemic, defined as January 2016—February 2020, or
intrapandemic, March 2020—June 2021. March 2020 was
chosen as the start of the intrapandemic period because it
reflects the month the World Health Organization declared
SARS-CoV-2, the virus that causes COVID-19, a pandem-
ic.!? Given that the pandemic was ongoing throughout
March 2020—June 2021, we used the term intrapandemic to
describe this period. Demographic variables collected were
sex, median household income, age at surgery, race (White,
Pacific Islander or Native Hawaiian, Black, Asian,

American Indian or Alaskan Native), insurance provider
(private, public, uninsured, other), urban or suburban versus
rural (determined using the patient’s zip code and US
census tracts), and region (Midwest, Northeast, South,
West).

Statistical Analysis

Data were analyzed with bivariate analysis, mixed-effects
logistic regression using variables significant in the
bivariate analysis, and time series analysis. Descriptive
analysis was used to characterize the patient population by
demographic factors and hospital region. Bivariate analysis
(¢ tests and ? tests, as indicated) and mixed-model analysis
adjusted by hospital-level variability compared prepan-
demic and intrapandemic trends. The PHIS database is an
aggregate of data from 48 hospitals; therefore, hospital-
level variability was included as a covariate in this model to
control for differences attributable to hospital-level factors
rather than patient-level variables. We used random-effects
modeling to determine the change in ACLRs due to
COVID-19 while controlling for month of the year. An
interrupted time series analysis was performed with
prepandemic and intrapandemic linear trend estimates.
The prepandemic ACLR trend was used to estimate the
difference between the expected number of surgeries based
on prepandemic trends and the number performed in the
intrapandemic period. A P value < .05 was considered
significant. The prepandemic and intrapandemic research
was completed using Stata (version 17.0; Stata Corp).

RESULTS

We identified 24 843 patients from 48 hospitals who had
undergone ACLR from January 2016—-June 2021. Their
mean age was 14.89 years (95% CI = 10.39, 19.37 years),
and 12757 (51.35%) of the patients were female. Most
patients had private insurance (n = 13 636, 54.89%) and
identified as White (n = 15 140, 60.94%). Of the surgeries,
5517 (22.21%) were completed in the Midwest, 5045
(20.31%) in the Northeast, 8157 (32.83%) in the South, and
6124 (24.65%) in the West.

During the prepandemic period, a general trend of
increased ACLRs was noted, with a significant drop in
March 2020. After this initial drop, the number of ACLRs
began to increase again beginning in May 2020. Before the
COVID-19 pandemic, ACLRs were trending up by about 3
surgeries per month (95% CI = 1.79, 3.64; P < .01). In
March 2020, 203 (41.5%) fewer ACLRs were performed
than would have been expected based on this prepandemic
trend (95% CI = —283.17, —122.95; P < .01). After this
initial drop, the number of ACLRs increased by 13
surgeries per month (95% CI = 6.31, 20.94; P < .01). In
total, 1853 fewer surgeries were performed during the
intrapandemic time period than expected given prepan-
demic trends (Figure). After controlling for the month of
surgery, the number of ACLRs overall decreased 30% from
the prepandemic to the intrapandemic time periods, likely
attributable to COVID-19 (incidence rate ratio = 0.700,
95% CI =0.607, 0.808; P < .01).

In the bivariate analysis, age, race, payor, urban region,
and urban home zip code were different between those
undergoing ACLR in the prepandemic versus the intra-
pandemic period (Table 1). Since COVID-19, the propor-
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Incidence of anterior cruciate ligament reconstructions in US pediatric hospitals, January 2016-June 2021. The vertical line at

March 2020 represents the start of the intrapandemic period, the month the World Health Organization declared SARS-CoV-2 a pandemic.

tion of patients who underwent ACLR who identified as
White increased (59.4% to 66.2%, P < .01) and the
proportion of patients who identified as Black decreased
(18.5% to 16.6%, P < .01), with no changes in the
proportion of patients identifying as Pacific Islander or
Native Hawaiian, Asian, or American Indian or Alaskan
Native. The proportion of patients with private insurance
increased (53.9% to 58.3%, P < .01), and the proportion
with public insurance decreased (37.8% to 34.1%, P < .01).
We found that intrapandemic, the proportion of ACLRs
performed in the Midwest increased (21.8% to 23.7%, P <
.01) and the proportion performed in the Northeast
decreased (20.7% to 18.9%, P < .01), as did those with
an urban home zip code (87.7% to 85.3%, P < .01) versus
prepandemic. After controlling for hospital-level variability

Table 1.
Pediatric Hospitals, January 2016-June 2021

using a mixed-model analysis, the only variables that were
still significant were identifying as White (odds ratio =
1.26, 95% CI = 1.16, 1.37; P < .01) and insurance status
(Table 2).

DISCUSSION

To our knowledge, this cohort study is among the first to
characterize trends in ACLRs among pediatric patients in
recent years and during the COVID-19 pandemic. During a
5.5-year period of data, we identified 24 843 ACLRs from
48 pediatric hospitals in the United States. We found an
overall increase in the number of ACLRs performed in this
population from January 2016—June 2021, with a significant

Patient Characteristics and Outcomes for Pediatric Patients Who Underwent Anterior Cruciate Ligament Reconstruction in US

Cases, No. (%)?

Characteristic Prepandemic (January 2016—February 2020) Intrapandemic (March 2020—June 2021) P Value
Total 19202 (77.3) 5641 (22.7)
Sex .05
Male 9406 (49.0) 2680 (47.5)
Female 9796 (51.0) 2961 (52.5)
Income, $° 49462.70 = 20593.40 49630.40 = 20448.60 .59
Age, mean = SD, y 149 = 22 148 £ 2.3 <.01¢
Race®
White 11405 (59.39) 3735 (66.21) <.01°
Pacific Islander or Native Hawaiian 95 (0.49) 20 (0.35) A7
Black 3559 (18.53) 938 (16.63) .01¢
Asian 478 (2.49) 160 (2.84) 15
American Indian or Alaskan Native 62 (0.32) 25 (0.44) 18
Payor <.01°
Private 10345 (53.9) 3291 (58.3)
Public 7261 (37.8) 1925 (34.1)
Uninsured 166 (0.9) 69 (1.2)
Other 1237 (6.4) 348 (6.2)
Unknown 193 (1.0) 8 (0.1)
Urban 16833 (87.7) 4813 (85.3) <.01°
Region <.01¢
Midwest 4181 (21.8) 1336 (23.7)
Northeast 3977 (20.7) 1068 (18.9)
South 6330 (33.0) 1827 (32.4)
West 4714 (24.6) 1410 (25.0)

2 Unless otherwise indicated.

b Percentages may add up to >100% because some participants identified with >1 race.

¢ Pvalue < .05 indicates significant difference.
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Table 2. Factors Associated With Anterior Cruciate Ligament
Reconstruction Among Pediatric Patients, January 2016—June
2021: A Mixed-Model Analysis Adjusted for Hospital-Level
Variability

Characteristic Odds Ratio 95% Cl P Value
Age 0.989 0.975, 1.002 A1
Race

White 1.260 1.16, 1.37 <.01®

Black 1.034 0.929, 1.151 .54
Payor

Private® — —

Public 0.921 0.857, 0.989 .02°

Uninsured 1.250 0.926, 1.686 14

Other 0.950 0.782, 1.054 .21
Urban 0.951 0.860, 1.052 .33
Region

Midwest® — —

Northeast 0.547 0.257, 1.160 12

South 1.043 0.605, 1.791 .88

West 0.774 0.421, 1.439 42

a Reference group.
b P < .05 indicates significant difference.

drop in March 2020 and April 2020, followed by a
subsequent increase.

From January 2016—February 2020 (prepandemic),
ACLRs were clearly trending up, suggesting that previous
trends of increasing rates of ACLRs continued.! However,
we are unable to ascertain the reasons behind these
increases based on our data. Limited information exists
about recent trends of ACL injury; therefore, it is difficult
to determine whether these changes were due to an
increased rate of injury or of reconstruction alone.

In March 2020, the number of ACLRs decreased from
what would have been expected based on the prepandemic
trend. Two simple explanations include decreased ACL
injuries due to halted participation in sports or delayed
ACLR surgery due to personal or hospital precautions.
Notably, after April 2020, the rate increased more quickly
than that seen in prepandemic months. Similar trends were
evident in other surgeries—orthopaedic and overall—with
an initial drop and subsequent increase.'*'* Data for
analysis were available through June 2021, but as the
pandemic continues, we expect the rate of ACLRs to
stabilize to prepandemic levels or increase slightly due to
pandemic-related deconditioning.

Whereas no data have been published to date on changes
in the rates of ACL injury, one can presume that when
sports seasons were canceled in March 2020, injuries
sharply decreased. We believe injuries still occurred
because COVID-19 precautions varied regionally, and
some athletes continued to practice and play informally.
Per Gupta et al,'” the rates of ACL injury were lower in
practice versus competition; therefore, the decrease in
scheduled competitions alone may have led to fewer
injuries. Some studies'®'® have suggested that the rate of
injuries increases at the beginning of a sport season. The
deconditioning that can occur during an off-season may
contribute to a high rate of preseason injuries.'” The same
effect may have been seen as athletes returned to sports
after COVID-19 restrictions were lifted; for example, 2
early reports?®?! of National Football League players
indicated that an abrupt return to sport may have

contributed to an increased rate of on-field injuries. Under
quarantine regulations, we presume that many patients were
deconditioned when they returned to play. Children and
adolescents in particular may have been at increased risk of
injury from COVID-19 restrictions due to the combination
of deconditioning and changes in body habitus that
occurred during their off-season.?? Although most sports
had resumed in some capacity by the end of the study
period, teams should put increased emphasis on preseason
conditioning with both strength and flexibility training.*?
Changes in body habitus due to growth spurts alone are
known to affect proprioception, and researchers®>** sug-
gested that proprioceptive exercises may reduce the risk of
sport-related injury. This is certainly important to keep in
mind when coupled with likely deconditioning during the
pandemic.

The decrease in surgeries seen, particularly in March
2020, may reflect canceled surgeries due to hospital
precautions and to patients’ fear of seeking medical care,
rather than true changes in rates of ACL injury. The 2 dips
we saw in the intrapandemic period occurred during July
2020 and January 2021, the 2 months in the intrapandemic
study period that corresponded with a peak in US COVID-
19 cases.”® Although this may have been due to normal
variation, it is also possible that during these case peaks,
surgeries were delayed or canceled to alleviate hospital
burden. The decline in surgeries was not unique to ALCR;
investigators?® showed a decrease in all elective orthopae-
dic surgeries during the COVID-19 pandemic due to
hospital delays and elective surgery cancellations. Accord-
ing to Chang et al,*® those with a lower American Society
of Anesthesiologists Physical Status score (a subjective
measure of a patient’s overall healthy—such as most
pediatric patients undergoing ACLR—were more likely to
want surgery at the earliest available time than those with
higher American Society of Anesthesiologists scores. In
addition, patients planning for soft tissue knee surgeries,
such as ACLR, were more likely to want surgery at the
earliest opportunity than those planning for some other
orthopaedic procedures, explaining the spike in ACLRs in
May 2020.2°

Understanding the extent to which the decrease in
surgical volume was due to fewer injuries versus delayed
surgery is important because ACLR delays were associated
with worse outcomes.'®!" It is customary to schedule
ACLR within 3 months of injury due to the potential
negative effects associated with delaying surgery, such as
increased chondral lesions and elevated risks of meniscal
injuries and irreparable meniscal tears,'®!" yet such
scheduling became more difficult as many elective
surgeries were delayed or canceled because of the
COVID-19 pandemic.®® As providers counsel patients
about the preferred surgical timing for ACLR, both during
the COVID-19 pandemic and beyond, they must consider
the negative effects of delayed ACLR. Future authors
should quantify the rate of ACL rupture during the COVID-
19 pandemic and the effects of delayed surgery during this
period.

The demographics of the prepandemic patient population
differed from those of the intrapandemic population. We
found that after March 2020, the proportions of patients
with private insurance and those who identified as White
increased and the proportions of patients with public
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insurance and those who identified as Black decreased.
Insurance status and identifying as White were significant
even after we adjusted for hospital-level variability. The
exact reason(s) for these differences are not clear, but
similar trends with insurance were seen in another study?’
quantifying the effect of the COVID-19 pandemic on
elective surgeries from March 2020—August 2020. Lin et
al*?” observed that factors associated with decreased
likelihood of a requested procedure being scheduled
included being uninsured or self-pay. One plausible reason
is that patients with private insurance may have had fewer
barriers to surgery. Given that we demonstrated no
difference in income between the patient populations
prepandemic and intrapandemic, the difference in insurance
status does not appear to be attributable to socioeconomic
status alone. With a high rate of job loss or job turnover
during the pandemic, many of the effects of insurance seen
here could have been due to an overall change in insurance
patterns in the US population.

In addition to insurance status, the proportion of surgeries
performed in the Midwest increased, and those performed
in the Northeast and among patients from urban areas
decreased. This may in part have been the result of hospital-
level variability, given that the region and living in an
urban area were not significant after we adjusted for these
variables. In addition, these findings may reflect differences
in injury rates due to the variability of sports restrictions.
For example, sports restrictions more universally affected
school teams than private club and travel teams. Both of the
latter have higher associated costs and thus may be
composed of athletes from higher socioeconomic back-
grounds. It is also possible that the numbers of these teams
differ across the United States, which may explain the
regional differences. Future researchers should quantify
trends of ACL injury during this period to determine
whether the demographic differences affected the rate of
injury as well. This will allow us to better understand
whether the changes in rates of ACLR during the COVID-
19 pandemic were due to a change in rate of injury or
disparities in care.

This study had the limitations inherent in all database and
retrospective studies, which would apply to both the
prepandemic and intrapandemic data. The average age of
the patients undergoing ACLR was about 15 years.
Whereas a large portion of the patients were adolescents,
we likely did not fully capture all adolescent ACLRs
because some skeletally mature adolescents undergo
surgery in adult surgical facilities. A previous study?®
showed that rates of ACL injury during childhood and
adolescence peaked at age 16 years for girls and age 17
years for boys. Therefore, the true average age of pediatric
patients undergoing ACLRs may be slightly older. Our
study population may not have included a larger portion of
ACLRs done among skeletally mature patients than among
patients who were not yet skeletally mature. Adolescent
girls have a higher rate of ACL injury than adolescent boys,
but the reverse has been reported for individuals under 12
years old.*® No overall difference in adolescent boys and
girls was evident in our study or in an earlier study' of
ACLRs from the same database during 2004—2014. This,
too, may have been affected by the age distribution of our
cohort, given that high school-aged females, who are often
skeletally mature, had the highest rate of ACL injuries

among children and adolescents 18 years old and
younger.*°

The PHIS database only analyzes data from large
pediatric tertiary care referral hospitals; thus, our conclu-
sions may not extend to hospitals treating different patient
populations. Changes in trends may also be affected by
differences in the proportion of ACLRs performed at
pediatric tertiary care referral hospitals versus community
and nonspecialty hospitals. Of note, these results only
reflect ACLR trends, which may not translate to ACL
injury trends in that they may reflect changes in treatment
preferences or other unmeasured factors. The use of an
administrative database provided a large sample size but
inhibited our ability to establish causality for changes in
trends.

Overall, we identified an increasing trend of pediatric
patients who underwent ACLR from 20162021 but fewer
than expected during the COVID-19 pandemic. Notably,
the pandemic has had disparate effects on patients,
depending on their race and insurance status. Whereas
plausible explanations have been suggested, the true
underlying causes could not be confirmed by the methods
of our trends analysis study. These effects should be
examined further in future studies to determine possible
underlying causes and long-term trends.
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